Intradural extramedullary spinal ependymomas are extremely rare. Herein, we describe a lesion-type spinal ependymoma that followed a malignant course, and discuss its clinical presentation, etiopathogenesis, and treatment. We present a patient who was diagnosed with an intradural extramedullary spinal tumor at T4-T6. The patient underwent gross total resection of the tumor without damage to the spinal cord. Histological examination, classified the lesion as a World Health Organization (WHO)-grade 2 ependymoma. One and a half years later, magnetic resonance imaging detected a recurring tumor at T4-T5. The tumor was removed and classified as a WHO-grade 3 anaplastic ependymoma. The patient was started on a course of regional spinal cord radiotherapy. The patient achieved tumoral control and clinical stabilization after the recurrence. We must consider the differential diagnosis of intradural extramedullary spinal tumors. The best treatment for this lesion is gross total resection and adjunctive radiotherapy is necessary in cases of malignant-change.
Introduction
Spinal ependymomas are the most common intramedullary tumors and occur predominantly in adults. Other than those located at the terminal filum or conus medullaris, intradural extramedullary ependymomas are extremely rare [1] . Ependymomas arising outside the lesion of the conus medullaris, cauda equina, and terminal filum, or developing from ectopic ependymal cells are highly unusual [2, 3] .
Although these tumors are most often benign, a few may follow a more malignant course. Anaplastic transformation and cerebrospinal fluid dissemination rarely occur [2, 3] . We describe a rare case and malignant course of intramedullary ependymoma and discuss its clinical presentation, etiopathogenesis, and treatment.
Case Report
A 23-year-old woman was admitted to our institution on January 2009. Her symptoms included a backache around her right shoulder, paresthesia in the left lower limb, pain in the left abdominal region, and difficulty walking smoothly (as a result of the backache and pain). The patient had first noticed the backache 4 months be-fore admission, and her neurological status progressively worsened.
Neurological examination revealed slightly motor weakness of left lower limb. She had sensory disturbances of above. Examinations were negative for the Romberg sign, with bilateral Babinski's sign. Deep tendon reflexes were nearly symmetrical in the lower extremities. Urinary function, rectal tone, and perianal sensation were normal.
Cranial computed tomography (CT), and abdominal, chest X-ray were within normal range, magnetic resonance imaging (MRI) of the thoracic spine (Fig. 1) showed a posterolateral intradural extramedullary mass compressing the spinal cord at the T4-T6 levels. The mass was of low intensity in medullary tissue for T1 imaging and of slightly high intensity in the T2 sequence, with homogeneous enhancement after gadolinium injection. Its limits were well defined, occupying 60% of the posterior and left spinal canal without bone destruction or foramen invasion, suggesting schwannoma or meningioma as the first option. No other lesions were present along the neuroaxis, including the posterior fossa.
Because the tumor was present in the left spinal canal, a left hemilaminectomy from T4 to T6 (Fig. 2) was performed, uncovering an intradural extramedullary encapsulated mass. We determined that the tumor was not connected to the dura mater or spinal roots, and had not infiltrated the spinal cord. Only mild adhesions to the spinal pia mater were found and were carefully stripped away. A gross total resection was completed without damage to the medulla, using an ultrasonic surgical aspirator under an operating microscope.
Anatomic-pathologic studies were performed. Immunohistochemical examination (Fig. 3 ) demonstrated strong immunopositivity with anti-glial fibrillary acidic protein, especially in perivascular pseudorosettes, but there was no immunostaining with the epithelial membrane antigen. Neither cystic degeneration nor anaplastic change was present, but the Ki-67 index was 5% to 10%. A reasonable dissecting plane was discerned against the spinal cord, and the tumor was extramedullary with partial adhesion to the posterior spinal cord; however, there was no adhesion to either posterior nerve roots of the T4 (arrow). The tumor was excised in gross total fashion using standard microsurgical techniques.
A B
A B C Histological examination revealed a World Health Organization (WHO)-grade 2 ependymoma with hypercellular nodules that demonstrated a high Ki-67 index. The patient's neurologic condition improved after surgery and she was discharged from the hospital with mild paresthesia and pain in the left abdominal region. Neither radiotherapy nor chemotherapy was performed. We carried out close follow-up by MRI (Fig. 4) .
One and a half years later, the patient's physical and neurological condition had worsened, with increased pain in the left abdominal region. MRI of the thoracic spine (Fig. 5 ) uncovered a recurring mass at the T4-T5 levels: a posterior intradural extramedullary tumor.
A T4-T6 laminectomy (Fig. 6 ) was performed; the tumor was removed and classified as a WHO-grade3 anaplastic ependymoma (Fig. 7) . The patient was started on a course of regional spinal cord radiotherapy, which was 50.4 Gy/28 Fr. The symptoms in the left abdominal region decreased. Neither worsening nor deterioration was observed after surgery and radiotherapy treatment, with the patient achieving tumoral control and clinical stabilization with a total follow-up of 17 months after the recurrence.
Discussion
Spinal ependymomas are typically intradural intramedullary tumors, and are often described as benign tumors [4, 5] . Spinal intradural extramedullary ependymomas are rare [3, [5] [6] [7] . There have only be 15 cases presented in the A B literature [5] . This lesion-type tumor is believed to arise from ectopic ependymal cell rests. Some ependymal cells may remain on the inside during neural tube closure [8] .
In all cases, these types of ependymomas were encapsulated with only microvascular attachment to the spinal cord, and could be removed completely. However, there was mild adhesion to the spinal pia mater in the present case. After complete resection, we carried out close follow-up because of the potential for recurrence, metastasis, and anaplastic transformation.
Although ependymomas are most often benign [9] , there have been 3 previous reports of malignant transformation occurring [1, 2, 10] . In this case, histological examination of the second operation identified malignant transformation. This malignant transformation may have led to the recurrence. However, second operative views showed that the recurring ependymoma was more strongly adhered to the spinal pia mater than that of the first views. In the first operation, there was slight adhesion between the spinal pia mater and the encapsulated tumor by a tumor membrane that was unconnected to the posterior spinal roots, spinal cord, and spinal pia, and dura mater. This patient underwent gross-total resection of a posterolateral tumor; however, there was an absence of medullary contusion to prevent surgical complication at the adhesion lesion, which was slight. This slight lesion would have retained a few ependymoma tumor cells, and these cells might have contained malignant components. During the close follow-up periods, some of these lesion cells underwent a malignant change, infiltrated the spinal pia mater, and the posterior spinal cord. As a result, these changes led to tumor recurrence. Tumor recurrence would not have occurred after the first operation if a part of the adhesion lesion had not contained ependymoma tumor cells, or if those cells had not undergone malignant change. Therefore, the few ependymoma cells remaining after the first operation might have adhered to the spinal pia mater, undergone anaplastic change, and carried out meningeal infiltration, which means that the possibility of tumor cell remnants remaining in the area cannot be ruled out.
The best treatment for an extramedullary ependymoma is gross total resection, as was carried out in this case; adjunctive radiotherapy is necessary in malignant-change cases. The extent of resection and the presence of meningeal infiltration appear to be very important factors of patient prognosis.
